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I.

INTRODUCTION AND STATEMENT OF PROBLEM

The haunching of beams and columns and the haunching of rigid
frames is performed by design engineers for the purpose of relieving
stress concentrations that might occur at discontinuities in
structures.

The haunch performs this relieving of stress concentration

by increasing the rigidity of the structure at regions of high stress.
Usually this design step is one of trial and error; that is, the engi
neer will select a haunch or method of haunching and then check to see
if the result is sufficient for his purpose.

This can be a time con

suming process and can lead to uneconomical design.
In the area of reinforced concrete design the engineer is faced
with the decision of how much reinforcement is required and where he
must place it for optimum performance.

Many times he is forced to de

sign on an intuitive basis.
The specific problem to be treated in this study is the partial
stress analysis of the basic beam and column arrangement shown in
figure 1-a.

This basic arrangement is varied by the addition of

haunches as is shown in figures, 1-b, 1-c, 1-d, 1-e, and 1-f.
column-beam arrangement is loaded as is shown in figure 2.

The

All

arrangements are loaded in this manner for this study.
The column has deliberately been kept short so as to eliminate
the possibility of a bucking failure.

The beam has been made shallow

so that fairly high bending stresses will be present under load.
As can be seen from figure 2 the stresses that will be present
under the applied loading will be caused by the high shear in the beam

3
at the column face and by tensile and compressive stresses in the beam
caused by bending and by the bearing stress on the beam (or column) at
the intersection of the beam and column.
It is evident then, that the haunch will not act as just a part
of the beam, nor will it act as just a part of the column, but will tend
to be a part of both.

The action of the haunch then may be considered

to be a "stress bridge" between the beam and column, allowing and helping
them to act as a unit in withstanding the applied loads.

The stresses

that the haunch will be subjected to are not obvious and the shear
stresses in the beam are not obvious.

The primary function of the haunch

would be to reduce the shear stress in the beam by increasing the area
over which the shearing force acts.
The purpose of this study is to gather basic data on the per
formance of haunches as stress relievers and to obtain information that
may be useful in the design of haunched members.
A knowledge of the stress condition would also be applicable to
a concrete structure.

If the directions and magnitudes of the stresses

were known, then reinforcement could be placed accordingly.
The photoelastic method of stress analysis is one way in which
the problem could be approached.

This method will allow the visual

observation of the shear stresses that will be present in the haunch.
Regions of high stress then can readily be seen.

With a few fairly

simple calculations (which will be shown later) the normal stresses could
also be found and dimensional changes in the haunch then might be made
or reinforcement placed to withstand the stresses that may be present.

4
Other methods of analysis would also be applicable.
could be built and strain gages could be applied.

A model

However, in order to

get a picture of the overall stress pattern many strain gages and many
models would be needed for the investigation.

The photoelastic method

provides an overall view of the stresses and the models used can be
made easily and quickly with a minimum of expense.

5
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II.

HISTORY OF THE METHOD

Photoelasticity is a fairly new method of stress analysis even
though the basic principle was discovered by Sir David Brewster in
1816.^^

Sir Brewster found that clear stressed glass when examined in

(2)
polarized light exhibited colored patterns.' 7

Brewster realized that

this effect might be used as a method of stress analysis and suggested
that the stresses in arches might be investigated by optical methods.
However, little was done toward the application of this to engineering
problems even though many nineteenth-century physicists investigated
and contributed to the theory of artificial double refraction.

The

application to engineering problems was probably hampered by the fact
that the only photoelastic material available to these early re
searchers was glass.

Glass, of course, presented a difficulty inasmuch

as it is hard to cut and shape for even a fairly simple model.

It was

not until the introduction of celluloid for model material that any
great advances were made.

In the 1930*s further progress was due

mainly to the advent of new transparent plastics which were more
sensitive and were also applicable to three dimensional stress
systems.'C1)
Photoelasticity has now developed into a rapid and economical
method of stress analysis which has been used for such widely
,
(3)
differing problems as finding the stress distribution in I-beams,'
to the stress analysis of turbine blades.' J

However, very little has

been done photoelastically in the reinforced concrete field of
engineering.

8
Probably, as important as the advent of clear plastic photo
elastic materials, has been the production of Poloroid which has made
it possible to produce large polarizing lenses.

This has greatly

(21
helped in the development of the present day polariscopes.

The photoelastic method of stress analysis is a method that has
its roots in basic theory of elasticity and in the theory of light.
To better understand how it works it is necessary to review theory
basic to elasticity and to have available the definitions of some of
the physical terms.

9
III.

BASIC CONCEPTS

If a body is subjected to a loading system that stresses the
body, it can be shown that the maximum shear stress at some point in
the body is given by the equation:
T m a x ■ p-q
2
where

r

is the shear stress (maximum), p is the maximum principal

stress and q is the minimum principal stress.
limited to the case of plane stress.)
shear stress vanishes.

(This discussion is

If p is equal to q then the

When p is equal to q at a point the point is

said to be an isotropic point.

If p and q are both zero at a point

then the point is called a singular point.

(5)

From these definitions

it is evident that all singular points are isotropic points, but that
all isotropic points are not singular points.
Generally, in a stressed body the principal stresses will vary
in direction from point to point.

If a curve were drawn so that the

direction of one of the principal stresses (p or q) would be tangent
to the curve along every point of the length of the curve then the
curve is called a line of principal stress or stress trajectory.
Therefore, in a stressed body there are two orthogonal sets of curves
corresponding to the maximum and minimum principal stresses.
The locus of points at which the principal stresses have the
same inclination to an arbitrary reference axis is called an
isoclinic line.

The angle which the principal stress makes with the

reference axis is the parameter of the isoclinic.
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Surface forces are forces which are distributed over the surface
of a body.

If a very small element is considered as a freebody then

the stresses which are determined by the stress distribution and the
areas on which they act are surface forces.
Body forces are those forces which are distributed over the
volume of a body.

Forces such as weight forces, inertia forces,

centrifugal forces, and magnetic forces are examples of body forces.
To quote from M. M, Frocht, "Body forces are given by expressions such
as

K

dV,

^ Y ^ d V j and

Jz^dV, in which x b , Y^, and

denote the

components of the body forces per unit volume in directions parallel
to the coordinate axes."
When small elements of a body are analyzed it is usually found
that body forces are small quantities of higher order than surface
forces and may be neglected.
The differential equation of equilibrium will now be found by
considering an element subjected to a general state of two dimensional
stress.

Body forces are taken into consideration.

shown in figure 3.

This element is

11
Where the stresses at point A are

and

The terms such as
A.

ya represent the variance of the stresses at
& y
(The variance of the normal stress in the y direction in this

case.) with respect to the distance from point A.
If the element is in equilibrium the summation of the forces in
the x and y directions must be zero.

The summation of the forces in the

x direction is ;

*—**•

"V*

— O

^

where t represents the thickness of the element and X^dy dx t repre
sents a body force which is a function of the volume.

Rewriting the

equation yields:
$K '

-V X ^cJL ^cLx'tL a O

.

Dividing through by dy dx t yields the differential equation of
equilibrium.

€ g*

V

-V X ® =• o .

Sx
The second subscript in

Xd.

is dropped.

Xf the summation of the y forces were carried out a similar
equation would result.

€ q~~~i + € r>« ^ n<_ « o .
6^

Sx
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For the problem considered in this paper the weight of the body
is the only body force.

The weight of the plastic used in this

investigation is negligible compared to the external surface forces
applied and therefore the body forces will be neglected.

The equations

of equilibrium are then:
S

+

S_%cv

12b

£^

- o

^ O

_

.

«.«»• '

£*.2.

s*

Before further use of the foregoing definitions is made it is
necessary that the required light theory be investigated so that the
photoelastic patterns obtained can be interpreted.
The field of optics is generally divided into three theories.
It has become the custom to use the theory best fitted to the problem
to be treated.

These theories are named Geometrical Optics, Physical

Optics, and Quantum Optics.

The distinction among them is based on the

different concepts used to develop them.
Light in geometrical optics is usually regarded as made of rays
or streams of corpuscles which originate at the source of light and
travel outward along straight lines.

This theory is satisfactory for

the explanation of reflection and refraction.
Light in physical optics is treated as vibration waves and
gives a fairly straight forward explanation of interferencag,
diffraction and polarization.^^

Since this study is primarily

interested in the photoelastic effect, which is dependent on
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polarization, the physical optics theory (or wave theory) will be
used.
According to wave theory, light from a source such as an
incandescent lamp is made of transverse ether waves that are of
variable frequency and orientation.

This means that the motion of each

ether particle is in a plane perpendicular to the axis of propagation
and that the ether particle follows a very irregular and complicated
curve.

If order is introduced into the wave motion then the light is

said to be polarized.
Xf the ether particles move in straight lines then the light is
said to be plane polarized.

If the ether particles move in elliptic

paths then the light is elliptically polarized; if the paths are
circular then the light is circularly polarized.
Circular polarization is a special case of elliptical polar
ization; the difference being that in elliptic polarization the
light vectors continuously change amplitude and direction (in an
orderly manner) while in circular polarization the light vectors change
in direction but not in amplitude.
Plane polarized light can be obtained from a light source which
is either monochromatic or white.

The plane polarizing effect is

obtained by passing the light through a material that is doubly re
fractive or through a commercial polarizer such as Polaroid.
Double refraction is an important phenomenon where photo
elasticity is concerned.

The following essential facts about double

refraction are directly quoted from M. M. Frocht in his book
Photoelasticity

14
*'l.

Upon passing through a calcite crystal* a single ray

generally splits into two rays...
2.

Each of the two rays emerging from the crystal... is plane

polarized.
3.

The planes of vibration corresponding to the two rays are

mutually perpendicular.
4.

The vibrations of ...

^one"^

... ray lies in the principal

plane of the face through which the image enters or leaves.
5.

The two rays travel with different velocities through the

crystal, except in the direction of the optic axis where the
velocities are equal.
6.
face ...

For normal incidence and the optic axis in the refracting
^onej

... ray emerges ahead of the other and the retardation

... is inversely proportional to the distance ... between the entering
and emerging faces ..."
To obtain circularly polarized light two basic things are
necessary.

The first is plane polarized monochromatic light.

second necessity is a quarter wave plate.

The

A quarter wave plate can be

defined as a crystal plate which converts an incident plane polarized
wave into a circularly polarized wave.

This conversion is accomplished

when the plane polarized wave (on passing through the crystal) divides
into two plane polarized component waves, which are at right angles to
each other.

These component waves transmit their harmonic motions to

the ether.

Generally the resulting ether motion would be elliptic but

*Calcite is a doubly refractive material
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if the emerging waves have a phase retardation of

7KJ2

(a quarter wave

length) then they impart circular motion to the ether particles and
circularly polarized light is o b t a i n e d . S i n c e

only light of

equal amplitude can be used it is only possible to circularly polarize
monochromatic light.

See figure 4.

Figure 5 represents a typical polariscope set-up showing how
plane polarizers and quarter wave plates are used.
If a simple crystal is placed in the circularly polarized field
with the faces of the plate perpendicular to the axis of propagation
of the light, then, depending on the retardation (and therefore
thickness) of the plate, one of three results may be obtained.
If the thickness of the plate is such that a phase difference
(between mutually perpendicular wave components) of one wave length
is imparted to the ether vibrations then the background on the set-up
screen will remain unchanged.
If the plate thickness causes a retardation of one half wave
length (or any odd number of half wave lengths) then the screen back
ground will go from dark to bright (maximum intensity) or bright to
dark, depending on the original set-up.
If a plate of arbitrary retardation (arbitrary thickness) is
interposed in the circular field then the screen background will be
partially changed.
Each of these cases is represented in figures 6, 7 and 8.
Many transparent materials such as glass, celluloid, and Bakelite become temporarily doubly refractive when subjected to stress or
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strain.

That is, each element in a two-dimensional stress system will

have two planes at right angles to each other passing through the
point of the element on which the shear stress will be zero.

These

planes are the principal planes and the normal stresses on these
planes are the principal stresses.

These principal stresses induce

physical deformations which change the isotropic properties of the
element with respect to light.

More simply stated, this means that a

ray of circularly polarized light on entering a stressed body will
break into two equal mutually perpendicular components along the
principal planes and one component will travel with greater velocity
along a principal plane.

Therefore, each element of the stressed body

acts as a doubly refractive crystal with an arbitrary phase retardation
as has been discussed previously.

This is the basis of photoelasticity

as was discovered by Sir David Brewster in 1816.^^ ’
The definition of fringe order is now quoted from M, M„ Frocht.
"The retardation in wave lengths produced by a given load system at
any point is designated as the fringe order at that point."
It has been determined by experiment that the retardation
(produced by temporary double refraction) is directly proportional to
the applied loads as long as the material has not been stressed beyond
its proportional limit.

C^) > (5)

The important stress-optic law can now be stated and again a
direct quote is taken from M„ M„ Frocht.

"In a transparent isotropic

plate in which the stresses are two dimensional and within the elastic
limit ... the relative retardation ... In wave lengths between the
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rectangular wave components traveling through it and produced by
temporary double refraction is given by
Rt - Ct (p-q)
in which C is a constant known as the stress optic coefficient, t the
thickness of the plate and p and q the principal stresses .,f^
The phase difference or retardation is also equal to the fringe
order and is given by
Rt — n A
where n represents the fringe order and A

the wave length*

It

follows then that

and n

A
2Ct

Rfc = n A

= Ct(p-q)

= (p-q) =
2

T

max; this shows that a fringe is a locus of

points of constant maximum shear.
Let

A2 Ct

Then
given by f ==

= F, where F is defined as the model fringe value.
max = n F .

A .
2C

Let f be the material fringe constant and be

Then F *= £_ and nf =
t
t

^ max/^

The foregoing is sufficient for determining the magnitude of the
maximum shear stress that will occur in a stressed body.

However, it

is not sufficient for determining the magnitude or direction of the
principal stresses . In order to obtain the data necessary for the
determination of the principal stresses the isoclinics (locus of points
along which the principal stresses have parallel directions) are also
needed.
The isoclinics can be obtained from a plane polariscope.

This

can be seen physically when one considers that there are points in a
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stressed body where the direction of one of the principal planes of
stress will be parallel to the plane

of the polarized light

the vibration of the light would not

be altered on

and

passingalongthis

plane but would be extinguished by the perpendicular plane of the
analyzer.

Therefore, the isoclinics can be seen as dark bands

(superimposed on the stress pattern) on a plane polariscope set-up.
The parameter of the isoclinics can be found by varying the angle of
the plane polarized light in the analyzer and in the polarizer.

3

The isoclinics can be obtained from a monochromatic light source
or from a white light source.
stand out more clearly.

Those

obtained from

a whitelightsource

White light

was therefore

used inobtaining

the isoclinics used in this study.
If the direction of the principal stresses is known then the
shear stress can be found from the equation
Txy =
where

sin 2 G ,

xy is the shear stress on an arbitrary x axis and 9 is the

direction of the principal stress.
Equation number 1 is rewritten:
^ <5~V

^ cr..

S^xy

cz

_ O

'v

j

''
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If this is integrated between points A and B on a stressed body the
equation becomes:

_

A.

This equation must be solved if the stress distribution across
some section is to be found or if the stress at some point is to be
calculated*
(1)

The equation can be solved in the following manner:
For the stress distribution on the section desired,

calculate

for several points by using the fringe pattern and

xy

the isoclinic pattern.
(2)

Plot

^Y ^

versus y.

On sections parallel to the desired section and a small

equal distance above and below the desired section calculate
and plot
r

Where (

'X

<§ 'Yyy

_

'Yxyc. -

) and (
xy c

respectively.

xy

versus y.
J

xy

Then

^Y

'y

xy

approximately.

o

)d represent the shears at points c and d

These points lie on sections directly over and under

the point where the normal x and y stresses are desired.
(3)

A curve of

Where A 'Y X£

-

A y

A*Y

xy

S J L x y)c - (
Ay

/ A y as a function of x is then plotted.

^ x y)d

.

Equation 3 then becomes:
<OS0k

.

If

A

x is taken equal to

(j3T>
<^ -

Qr*~
*

A y

then

— A lx y

The last thing that is required is an initial value for
( (5" x)

B

.

This may be obtained at an edge (where shear stress in the

direction of the edge is zero and one principal stress is zero) or at
a singular point (where all stresses are zero) .
This method of numerical solution of equation 3 is referred to
as Frocht's shear difference method by A„ W. H e n d r y a n d

others

and a more rigorous development is given by M 0 M„ Frocht in his
Photo elasticity .
There are of course other methods for arriving at the state of
stress photoelasticity.

One other method is to obtain a p4-q curve

either experimentally or by the solution of a Laplace differential
equation for the stress condition at points in elastic plates
In this study the shear stresses present are considered to be
of prime interest.

(The primary function of a haunch is to relieve

shear stresses present in the beam.)
distributions are calculated.

Therefore, no normal stress

Only the maximum normal stresses, which

are present at the free edge or corner, are calculated.

However, if

this distribution were desired, the shear difference method would be a
very good method to employ.
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IV.

PROCEDURE

Models of the haunched beam and column arrangements as shown
in figure 1 were made of Columbia Resin (CR-39).

All models used in

the study were cut from the same sheet of CR-39.
These models were constructed in the following manner:
(1)

Templates of the basic outline (the shape shown in figure
1-a) and the various haunches were made.

(2)

(See Figure 9)

For each desired arrangement the appropriate haunch
portion was taped to the basic outline.

(3)

The CR-39 was then securely fastened to the template by
taping.

(4)

A rough outline of the model was cut by sawing the plastic.
(Care was taken so that the stresses set up by the sawing
process would later be removed by machining.

This was done

by overcutting the size required.)
(5)

The rough shape was then machined to size (using the
template as a guide) by side cutting on a 20,000 rpm
grinder.

It was found that no stresses would be induced in the model by
the grinding process if the material were machined with a series of
uniform light cuts taken completely around the perimeter of the
template.
The job of model making was at first cumbersome and time con
suming but as technique was developed it became possible to completely
construct a stress free model in a relatively short time.

25
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As each model was completed it was tested.

Loads were applied

gradually so that the fringes could be seen as they appeared.

This

visual observation was aided by projecting an image of the stressed
model on a screen.
the patterns develop

It was then possible to load the model and observe
simultaneously and the entire operation could be

performed by one person.

The fringe patterns were sketched directly

from the projected image of the model on the screen.
lbs. was used for each model sketched.

A load of 16

This procedure proved to be a

valuable aid inasmuch as the pattern could be obtained more rapidly
then with photographs and that less chance of error would result by
loading and obtaining data at the same time.
tained in the same manner.

The isoclinics were ob

All isoclinics were therefore put on one

picture and checks on the accuracy of isoclinic location could be made
immediately.

White light was used to obtain the isoclinic pattern

and light from a mercury vapor lamp was used for the fringe patterns.
Photographs were then taken of the models.

However, the data

used in this study was obtained from the sketches taken from the pro
jected image.

The photographs are included to show the actual stress

patterns obtained.
After the models were tested a small beam was made from the same
sheet of CR-39 used for the models.

This beam was subjected to pure

bending in order that the material and model fringe values could be
obtained.

As the beam was gradually loaded fringes appeared.

Values

for half fringes were obtained by changing alternately from a dark to
a light field.

As the first half fringe appeared on the edge of the
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beam (in the region of pure bending) the load was recorded.

The load

was recorded for each subsequent half fringe that appeared at the
edges.

From this test the model and material fringe value constants

were calculated by knowing that in the region of pure bending
would be zero.

xy

The following equations were used:

2 r *

%

>

This analysis showed that:
F ® 210 psi/fringe and that
f *» 45.8 psi/fringe/inch
A photograph of a beam subjected to pure bending is shown in
figure 10.
After the model and material fringe value constants were ob
tained it was possible to evaluate the data obtained from the haunched
models in units of stress.
(1)

The fringe numbers were plotted versus vertical distance

from the top of the beam.
of the beam.

This was done in the following manner:

This provided a graph of p-q along a section
2

(The section of the beam used for these plots was taken a

small distance away from the starting position of the haunch) •
(3)

Using the plots of

vertical) shear stresses,

and isoclinics the horizontal (or

"T xy, were calculated at every tenth part

of the total depth.
(4)

The

Hf xy stresses were plotted (in fringes) versus

vertical distance along the chosen section.

Beam in Pure Bending
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(5)

The area under the

'X xy curve was calculated and compared

to the value necessary to maintain equilibrium.

The graph was then

corrected so that the error in the area was not more than ten percent.
(6)

For each model the maximum normal stress in the model was

calculated by the equation
CT -

.

2 ~ F

Where n is the highest fringe number present in the model.
(7)

The highest shear stress in each model was found by the

equation
T***,* - /'vv

•

Where n is the highest fringe number present in the model.
(8)

The stress concentration factor (caused by the dis

continuity at the intersection of the haunch and beam) was calculated
in the following manner:
_

VA c.

THtoty
= 2 — V ^ o-i
6CF

(9)

=

The highest value of

reading the highest fringe order of

\

xy that was plotted was found by
'X 'xy

on the plot and multiplying

this by F.
(10)

A shear stress raising factor (SSRF) was calculated.

This was done by defining the SSRF as the ratio of the highest
obtained photoelastically to the highest

*X xy

*X

xy

obtained by the equation
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T xy

VQ
It

SSRF ■

'"FxyP
'YxyT *

A table of the preceding values obtained is shown in Table 1.

E

F

C

D

5040

1.53

284

1.72

5

1260

2520

1.04

252

1.52

2

1-c

735

1470

0.95

231

1.39

6

1-d

1050

2100

1.27

336

2.03

1

1-e

1050

2100

1.44

304

1.84

7

1-f

420

840

—

197

1.19

1

Model

A

1-a

2520

1-b

B

EXPLANATION
Column A

Highest maximum shear stress present in the model (not at
loading points) in psi.

Column B

Highest maximum normal stress (at haunch and beam junction)
in psi.

Column C

Stress Concentration Factor (SCF).

Column D

Highest horizontal (or vertical) shear stress, Txy, in
psi.

Column E

Shear Stress Raising Factor (SSRF).

Column F

Percent of Error of Area under Txy curve.

Table 1
TABLE OF CALCULATED RESULTS
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RESULTS AND CONCLUSIONS

From the values given in table 1, from the plots of

^ xy, and

from the photographs and sketches of the fringe patterns, several
conclusions are drawn.
These conclusions are:
(1)

The shear stress

xy cannot be calculated by

“

for the beam at the section immediately in front of the haunch; nor
does the maximum shear stress occur at the center of the beam.
(2)
stresses.

Haunches do perform the task of relieving shearing
This can be seen by examining column A of table 1.

(Model 1-a is considered to have no haunch even though the slight
radius left by the grinding machine is still present.)
(3)

Even though the haunch does reduce shear stresses it

causes an increase in the normal stress over the normal stress that
would exist at the same section on an unhaunched beam.

(See column C

of table 1.
(4)

The model with the circular haunch is the best arrangement

(model 1-f).

The haunch in model 1-f has fringes in it almost through

out its entire length and is therefore resisting a good portion of the
shear.

Furthermore, the circular haunch does not appreciably raise

the horizontal shear stress in the beam.

In fact, the

xy distri

bution in model 1-f is quite comparable to that given by the equation
VQ/lt both as to magnitude and location of maximum horizontal (and
vertical) shear stress.
(5)

A shear stress raising factor may be caused by the addition

of an angular haunch.

This study does not prove that the haunch causes

33
this.

However, if the shear stress raising factor is caused by the

haunch then the following reasoning might be applicable:
(a)

Assume that SSRF is a function of the stiffness of
the added haunch.

(b)

The stiffness of the haunch is a function of the
angle of the haunch.

(c)

The stiffness of the haunch may be given by
2

-

0 ^ *
V-C^rA.©

where C is a constant depending on the modulus of
elasticity of the material, the shape of the cross
section, and the thickness of the cross section.
2 is the stiffness of the haunch.
(This is not to be confused with
the stiffness of the beam or
column or the total stiffness of
Vi - V&
y _ C U-8
V_

the haunched beam.)
_ Ct1
Q
C.e>^ O

The SSRF is plotted versus Z in figure 30.
It would be foolish to assume that a correlation of any accuracy
could be obtained with only four points.

Therefore, the graph in

figure 30 does no more than show that a relation between haunch stiff
ness and SSRF may exist.

This would be an area for future study.
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Photograph of Model
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Photograph of Model 1-b
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Photograph of Model
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Photograph of Model 1-d
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Photograph of Model 1-f
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Photograph of Polariscope
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Photograph of Grinding Machine
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VI.

CLOSURE

The preceding conclusions are specific with regard to the
problem studied.

Some more conclusions of a general nature might

also be reached.

That is, photoelasticity has a place in structural

engineering.

For instance, if the problem treated in this study had

been specifically proposed for reinforced concrete the isoclinic
patterns could be used to draw the stress trajectories.

The stress

trajectories would be quite valuable inasmuch as the direction of
reinforcement could be made to coincide with these lines.

By using

some method such as Frocht 1s shear difference method a separation of
the principal stresses could be achieved along any section desired.
A complete stress analysis could then be performed.
It should also be noted that haunches themselves could be de
signed in the polariscope.

This might be done on a trial and error

basis; that is, shaping and reshaping the haunch until an optimum
arrangement is reached.
As in any method of analysis errors occur in the photoelastic
method of analysis.

In this study it was found that the isoclinics

were hard to obtain near the edges of the models.
^
them.

Adjustments in the

xy curves were sometimes needed to achieve the proper area under
These adjustments were all made near the boundries of the

models (where

'Y

xy is very low anyway).

adjust the maximum values of

It was never necessary to

xy.

At isotropic points the isoclinics all converge.

Care must

always be exercised near these points so that the isoclinics can be ob
tained accurately.
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In closing this study it should be noted that the problem of de
signing a haunch has just been touched.
area should be performed.
(1)

Further investigations in this

These investigations might be:

An investigation of shear stress distribution in the beam
with respect to the stiffness of the haunch
angle of the haunch constant)

(2)

(holding the

should be performed.

The complement of the above investigation might be done.
That is, holding the stiffness of the haunch constant and
varying the angle of haunch in order to investigate shear
stress distribution in the beam.

(3)

Circular haunches in themselves should receive special
attention.

(4)

Concrete haunched arrangements should be made and the
crack patterns that occur from loading should be examined.
(These crack patterns may be compared to the crack patterns
that could be predicted from the isoclinics obtained in
this study.)

The photoelastic method might also serve in the preliminary
investigations in some of these studies.

In any case, whether photo

elasticity is used or some other method, the true and final tests
will only be made on the finished prototypes of the problems studied.
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